Characterization of a H+-ATPase in rat brain synaptic vesicles. Coupling to L-glutamate transport.
Synaptic vesicles contain a H+-ATPase that generates a proton electrochemical gradient (delta mu H+) required for the uptake of neurotransmitters into the organelles. In this study, the synaptic vesicle H+-ATPase was examined for structural and functional similarities with other identified ATPases that generate a delta mu H+ across membranes. The synaptic vesicle H+-ATPase displayed immunological similarity with the 115-, 72-, and 39-kDa subunits of a vacuolar-type H+-ATPase purified from chromaffin granules. Functionally, the ATP-dependent H+ pumping across synaptic vesicles and ATP hydrolysis were sensitive to the sulfhydryl-modifying reagents, N-ethylmaleimide and 4-chloro-7-nitrobenz-2-oxa-1,3-diazole, at concentrations known to affect vacuolar-type H+-ATPases. In addition, as with vacuolar-type H+-ATPases, the presence of NO3-, SO4(2-), or F- inhibited the generation of a delta mu H+, but addition of vanadate or oligomycin had no effect. The delta mu H+ is a function of the pH gradient (delta pH) and membrane potential (delta psi sv) across the synaptic vesicle. Acidification (delta pH) of the synaptic vesicle interior was enhanced in the presence of permeant anions, such as Cl-, or the K+ ionophore, valinomycin. In the absence of permeant anions, the H+-ATPase generated a delta psi sv that effected the transport of L-glutamate into the synaptic vesicles. Dissipation of delta psi sv by incubation with increased external Cl- or nigericin resulted in the abolition of glutamate uptake, despite the continued maintenance of a delta mu H+ across the synaptic vesicle as a substantial delta pH. The results suggest that the synaptic vesicle H+-ATPase is of a vacuolar type and energizes the uptake of anionic glutamate by virtue of the delta psi sv component of the delta mu H+ it generates.